Introduction
============

Radiotherapy is the main non-surgical treatment for head and neck cancer. In recent years, intensity-modulated radiotherapy (IMRT) has become widely adopted for radiotherapeutic management of head and neck cancer because of its ability to achieve a highly conformal dose distribution. The computer-controlled linear accelerators and multileaf collimators used with this technique permit the administration of a highly conformal dose over that achieved with conventional radiotherapy (RT) \[[@B1]\]. Also, this allows better sparing of the organs at risk, leading to a decrease in acute and late side effects \[[@B2]\]. Theoretically, IMRT may improve primary tumor control and subsequent survival by allowing for either accelerated fractionation or fewer treatment interruptions due to a reduction in acute toxicity \[[@B3],[@B4]\]. However, there is theoretically also a higher risk of local relapse because the sharp dose gradient fall-off of an IMRT plan increases the likelihood of a geographical miss \[[@B5]\]. Therefore, assessing the clinical outcome of IMRT for head and neck cancer patients, in terms of local control and survival, is essential.

Several studies have shown consistently improved dosimetric parameters in IMRT than in conventional radiotherapy (RT) plans such as 2-dimensional conventional RT or 3-dimensional conformal RT, in head and neck cancer \[[@B6],[@B7]\]. In addition, several published studies have reported that the use of IMRT for head and neck cancer significantly reduces the rate of treatment-induced toxicities \[[@B8]-[@B10]\], and improves quality of life \[[@B8],[@B11],[@B12]\]. However, a clear survival benefit of IMRT over conventional RT has not yet been shown, and findings regarding survival, tumor control, or other treatment efficacy remain generally inconclusive. In this study, we compared the survival rates of patients treated for head and neck cancer with either conventional RT or helical tomotherapy based IMRT, and analyzed the prognostic factors for survival in patients with head and neck cancer.

Materials and Methods
=====================

1. Patient population
---------------------

Eligibility criteria were: 1) histologically confirmed head and neck cancer, 2) treatment with RT either definitively or postoperatively, 3) good general condition with performance status of ≤2 in the Eastern Cooperative Oncology Group classification, 4) no previous head and neck irradiation, 5) no previous or concurrent illness that would compromise completion of treatment, 6) no distant metastases, and 7) a follow-up more than 6 months after RT. At our institution, helical tomotherapy was started from January 2008. From January 2008 to November 2011, 98 patients received RT for treatment of head and neck cancer. Of these patients, 67 patients met the eligibility criteria and were included in this study.

The pretreatment evaluation consisted of a complete history and physical examination, pan-endoscopy, complete blood counts, liver and renal function tests, chest X-rays, dental evaluations, and computed tomography (CT) scans and magnetic resonance imaging (MRI) of the head and neck region. Positron emission tomography (PET), bone scans, and CT scans of the abdomen and/or chest were obtained when clinically indicated. All patients were staged in accordance with the American Joint Committee on Cancer (AJCC) TNM 2013.31.1.1staging system (7th edition). Patients treated with definitive RT were staged clinically, while the pathological stage was applied to postoperative cases. The histologic grade was described according to the World Health Organization classification. Institutional Review Board approval was obtained for the review and analysis of patient data.

2. Treatments
-------------

All patients underwent CT-planned RT with either 3-dimensional conformal RT (conventional RT) or helical tomotherapy. The choice between conventional RT and helical tomotherapy was determined by the radiation oncologist, who also took the patient\'s interests into account. The gross tumor volume (GTV) was defined as the gross extent of the primary tumor and grossly involved lymph nodes, as demonstrated by imaging studies and physical examination. The high-risk clinical target volume (CTV1) was defined as the GTV plus a 1 to 1.5 cm margin to account for subclinical tumor spread. In postoperative situations, the CTV1 was defined as surgical bed plus a 0.5 to 1 cm margin to account for any microscopic residual disease. For both definitive and postoperative situations, the low-risk clinical target volume (CTV2) was defined as prophylactically treated cervical or supraclavicular lymph nodes. The planning target volume (PTV) was derived from an automated 0.5 cm three-dimensional expansion of the CTV to account for setup errors. The delineated organs at risk were the spinal cord, brain stem, parotid glands, and pharyngeal constrictor. Other organs at risk, such as the optic chiasm, optic nerve, or lens, were identified according the physician\'s discretion. The maximum dose constraints were designed to be less than 45 Gy to the spinal cord and less than 50 Gy to the brain stem. For parotid glands, the objective of dose constraints was to obtain a mean dose to the both parotid glands below 26 Gy whenever possible. For pharyngeal constrictor, the objective of dose constraints was to keep a mean dose below 50 Gy. No overlap between the target volume and the organs at risk volume was permitted for optimization purposes. The plans were evaluated both quantitatively with dose-volume histograms and qualitatively by visually inspecting isodose curves. In general, treatment plans were considered acceptable if 1) the PTV was covered by 95% of isodose curves, 2) inhomogeneity of the PTV ranged from 95% to 107%, and 3) doses to normal organs were limited in their tolerances.

Conventional RT was delivered by a Clinac iX (Varian Medical System Inc., Palo Alto, CA, USA). All patients rested comfortably on a head support and were immobilized with thermoplastic masks from head to shoulder, and then were aligned with wall-mounted red lasers using external marks. In definitive situations, the PTV1 were treated with a total dose of 66-70 Gy and a daily dose of 2 Gy given on Monday through Friday. In postoperative situations, the PTV1 were treated with 60 Gy in 30 fractions unless there was residual disease, in which case 66-70 Gy with a daily 2 Gy was given. PTV2 were treated with 50 Gy in 25 daily fractions. Usually, patients were treated with bilateral opposing fields to the primary tumor and upper neck lymph nodes, and abutting anterior low neck field to cover the lower neck and supraclavicular lymph nodes. After the spinal cord had received the maximum tolerable dose, the bilateral opposing fields were coned down to the PTV1. If necessary, posterior neck lymph nodes were boosted with an electron beam.

Helical tomotherapy was delivered by TomoTherapy (TomoTherapy Inc., Madison, WI, USA). All patients were immobilized with head support, posterior vacuum bags and thermoplastic masks, and then were aligned with daily megavoltage CT images and wall-mounted red lasers. All patients were treated by a simultaneous integrated boost technique, and IMRT inverse planning was generated using the Hi·Art Planning Station (TomoTherapy Inc.). To avoid low or high dose at fields junction area, split-field technique was not applied. The prescription dose was decided by the physician\'s judgment, and depended on the clinical or pathologic tumor staging, the patient\'s general condition, and the probability of RT-induced normal tissue toxicity. In definitive situations, daily doses of 1.8-2.25 Gy and a total dose of 66-73.5 Gy were delivered, and in postoperative situations, daily doses of 1.8-2.2 Gy and a total dose of 55-72.6 Gy were delivered to the PTV1 at 5 fractions per week. The PTV2 were treated with daily doses of 1.65-2.1 Gy and a total dose of 45-63 Gy. The biologically effective dose was calculated using a linear quadratic model with respect to acute effects on the tumor, with an α/β ratio of 10 \[[@B13]\].

The type of surgery used depended on the primary site, the tumor extent, cosmetic considerations, and the discretion of surgeon. In general, an attempt was made to maximize local control with preservation of functional and cosmetic outcomes. Reconstructive surgery was subsequently performed by plastic surgeons depending on the tissue defect in the operative region. Patients were referred for RT if high-risk pathologic features such as extracapsular extension, positive surgical margins, multiple lymph node involvement, or lymphovascular space invasion were found.

The implementation of chemotherapy depended on clinical or pathologic staging, the presence of high risk pathologic features, and the patient\'s performance status. The most common concurrent chemotherapy regimen was cisplatin (100 mg/m^2^) for three cycles during RT. The regimen of chemotherapy was individualized based on the patient\'s general condition and compliance.

3. Evaluation
-------------

Patients were examined at least weekly during RT to monitor radiation-induced acute toxicity. After completion of RT, patients were evaluated every 2 to 4 weeks until the acute toxicities subsided. Routine physical examinations and blood work were done every 4 to 8 weeks for the first 6 months, and then every 3 to 6 months thereafter. CT scans or MRIs of the head and neck were obtained within 2 to 3 months after RT and then yearly or when clinically indicated.

All events were measured from the last day of radiation therapy. Locoregional recurrence was defined as an increase of the size of target lesions or the appearance of new lesions in the head and neck region as diagnosed by clinical or radiologic examination. Distant metastasis was defined as evidence of tumor in any other area. The locoregional recurrence were classified as 1) in-field, in which 95% or more of the recurrence volume was within the 95% isodose, 2) marginal, in which 20% to 95% of the recurrence volume was within the 95% isodose, and 3) out-field, in which less than 20% of recurrence volume was within 95% isodose \[[@B14]\]. Survival was determined from the last day of radiation therapy to the date of death or, in the case of survivors, to the date of the last follow-up.

Acute and late normal tissue toxicities were graded according to the Radiation Therapy Oncology Group (RTOG)/European Organization for the Treatment of Cancer (EORTC) radiation toxicity criteria. Acute toxicities were defined as toxicities that occurred during RT or within 3 months after completion of RT. Toxicities that occurred thereafter were graded as late toxicities.

4. Statistical analysis
-----------------------

The two groups (conventional RT group and helical tomotherapy group) were compared by chi-square test to detect differences in proportion. Survival rates were estimated by the Kaplan-Meier method and compared using a log-rank test. Parameters evaluated as potential prognostic factors of survival were: RT technique, age, gender, performance status, tumor cell type, tumor cell differentiation, AJCC stage, RT aim (definitive vs. postoperative), chemotherapy, RT dose, interruption of RT, and RT duration. All parameters were categorized into two groups according to patient distribution, and further assessed in a multivariate analysis, using a Cox regression hazard model. All analyses were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). A p-value \< 0.05 was considered statistically significant.

Results
=======

1. Patient and disease characteristics
--------------------------------------

The median age of all patients was 58.6 years (range, 20.1 to 84.5 years). There were 48 male (71.6%) and 19 female patients (28.4%). The performance status was 0 for 3 patients (4.5%), 1 for 36 patients (53.7%), 2 for 28 patients (41.8%). Tumor sites were the oral cavity for 25 patients (37.3%), the nasopharynx for 13 patients (19.4%), the oropharynx for 9 patients (13.4%), the larynx for 9 patients (13.4%), the hypopharynx for 7 patients (10.4%), and the paranasal sinus for 4 patients (6.0%). According to 2010 AJCC classification, 4 patients (5.9%) were stage I, 11 patients (16.4%) were stage II, 16 patients (23.9%) were stage III, 33 patients (89.2%) were stage IVA, and 3 patients (4.5%) were stage IVB. Twenty-eight patients (41.8%) received definitive RT and 39 patients (58.2%) received definitive surgery followed by postoperative RT. Concurrent chemotherapy was given to 24 patients (35.8%), and 15 patients (22.4%) had temporarily interrupted RT because of acute toxicities or refusal of treatment. The median follow-up duration of all patients was 23.5 months (range, 6.0 to 57.2 months).

Of all patients, 37 patients received conventional RT and 30 patients received helical tomotherapy. Patient and disease characteristics are summarized in [Table 1](#T1){ref-type="table"}. There were more patients who received definitive RT and higher RT dose in the helical tomotherapy group. However, there were no significant differences in other characteristics between the two groups.

2. Treatment outcomes and prognostic factors
--------------------------------------------

The median follow-up time of the conventional RT group and the helical tomotherapy group was 23.1 and 24.1 months, respectively. During the follow-up period, 29 patients (78.4%) from the conventional RT group and 28 patients (93.3%) from the helical tomotherapy group were still alive. The 1- and 2-year overall survival rates were 93.9% and 87.1% for the conventional RT group, 96.6% and 96.6% for the helical tomotherapy group, respectively. The overall survival rates of the helical tomotherapy group were higher than the conventional RT group, however, there were no significant differences in the overall survival between the two groups (p = 0.095) ([Fig. 1](#F1){ref-type="fig"}).

During the follow-up period, 18 patients (48.6%) from the conventional RT group and 7 patients (23.3%) from the helical tomotherapy group developed locoregional recurrence. Among the 18 patients who experienced locoregional recurrence after conventional RT, 10 patients developed in-field, 4 patients developed marginal, and 3 patients developed out-field locoregional recurrence. The remaining 1 patient developed both marginal and out-field locoregional recurrence. Among the 7 patients who experienced locoregional recurrence after helical tomotherapy, 2 patient developed in-field and 3 patients developed out-field locoregional recurrence. The remaining 2 patients developed both in-field and marginal locoregional recurrence. The 1- and 2-year locoregional recurrence-free survival rates were 61.2% and 58.1% for the conventional RT group, 89.3% and 80.3% for the helical tomotherapy group, respectively. The locoregional recurrence-free survival rates of the helical tomotherapy group were significantly higher than conventional RT group (p = 0.029) ([Fig. 2](#F2){ref-type="fig"}).

During follow-up period, 7 patients (18.9%) from the conventional RT group and 5 patients (16.7%) from the helical tomotherapy group developed distant metastases. The most common metastatic site was the lung. Among the 7 patients who experienced distant metastases after conventional RT, 6 patients developed distant metastases in the lung, and 1 patient in the bone. Five patients experienced both locoregional and distant recurrence. Among the 5 patients who experienced distant metastases after helical tomotherapy, 2 patients developed distant metastases in the bone, 1 patient in the lung, 1 patient in the axilla, and 1 patient in the brain. Two patients experienced both locoregional and distant recurrence. The 1- and 2-year distant metastasis-free survival rates were 86.1% and 82.4% for the conventional RT group, 92.0% and 75.1% for the helical tomotherapy group, respectively (p = 0.994) ([Fig. 3](#F3){ref-type="fig"}).

In all patient group, univariate and multivariate analyses were performed to identify prognostic factors for survival. In both univariate and multivariate analyses, there was no significant prognostic factor for overall survival ([Table 2](#T2){ref-type="table"}). For locoregional recurrence-free survival, RT technique, AJCC tumor stage, and RT duration were significant prognostic factors in univariate analyses. In multivariate analyses, these 3 parameters remained significant factors for locoregional recurrence-free survival ([Table 3](#T3){ref-type="table"}). There was no significant prognostic factor for distant metastasis-free survival in univariate analyses. However, in multivariate analyses, the tumor cell type was significantly associated with distant metastasis-free survival ([Table 4](#T4){ref-type="table"}).

3. Toxicities
-------------

Because all patients were followed up for 6 months or more, radiation-induced toxicities could be evaluated in all patients. Acute toxicities occurred in almost all patients. The most common acute toxicities were mucositis, dysphagia, and xerostomia. There were no significant differences in acute toxicities between the conventional RT group and the helical tomotherapy group. The incidences of acute toxicities after RT are summarized in [Table 5](#T5){ref-type="table"}. The frequently encountered late toxicities were xerostomia and dysphagia. There were significantly higher incidences of Grade 2 or worse late xerostomia and dysphagia in patients receiving conventional RT (p = 0.004 for xerostomia and p = 0.020 for dysphagia). The incidences of late toxicities after RT are summarized in [Table 6](#T6){ref-type="table"}.

Discussion and Conclusion
=========================

Helical tomotherapy, a novel IMRT technique, utilizes a rotating gantry in which a 6-MV linear accelerator (Linac) is rotated continuously through 360° around the patient, and a computer-controlled binary multileaf collimator \[[@B15]\]. Some studies have reported that helical tomotherapy based IMRT offers improved dose distribution and the potential to further improve the therapeutic ratio in the management of head and neck cancer \[[@B16]-[@B18]\]. However, few studies have reported the clinical outcomes of helical tomotherapy in terms of survival and tumor control \[[@B19]\]. Furthermore, to our knowledge, no studies have investigated the survival differences between conventional RT and helical tomotherapy based IMRT in head and neck cancer patients. This study is among the first comparative study to compare the survival rates between patients treated with either conventional RT or helical tomotherapy for head and neck cancer.

Several studies compared the survival rates between conventional RT and Linac-based IMRT for head and neck cancer \[[@B10],[@B20]-[@B26]\]. The majority of studies showed no significant differences in survival rates between the two RT techniques \[[@B10],[@B20],[@B22]-[@B25]\]. The parotid-sparing intensity modulated versus conventional radiotherapy in head and neck cancer (PARSPORT) randomized trial, the first multi-institutional prospective trial comparing IMRT with conventional RT for head and neck cancer, compared the treatment outcomes of 94 patients treated by conventional RT (47 patients) and IMRT (47 patients) \[[@B10]\]. In that study, there were no differences in 2-year locoregional progression-free survival and overall survival. On the other hand, few studies reported significant differences in survival rates between the two RT techniques. Clavel et al. \[[@B21]\] compared the treatment outcomes of 249 oropharyngeal cancer patients treated by conventional RT (149 patients) and IMRT (100 patients), and reported significantly improved 3-year overall survival (p \< 0.001) and disease-free survival (p = 0.001) in patients treated by IMRT. In addition, Chao et al. \[[@B26]\] reported significantly improved 2-year disease-free (p = 0.002) and overall survival (p = 0.001) in oropharyngeal cancer patients treated by IMRT (12 patients) compared with patients treated by conventional RT (153 patients). In our study, we compared overall, locoregional recurrence-free, and distant metastasis-free survival between patients treated with conventional RT and helical tomotherapy for head and neck cancer. We could not find significant differences in overall or distant metastasis-free survival between the two groups. Although the overall survival rates of the helical tomotherapy group were relatively higher than the conventional RT group (2-year overall survival rates were 87.1% for the conventional RT group and 96.6% for the helical tomotherapy group), there was no significant difference between the two groups (p = 0.095).

However, the locoregional recurrence-free survival rate in the helical tomotherapy group was significantly higher than in the conventional RT group (2-year locoregional recurrence-free survival rates were 58.1% for the conventional RT group and 80.3% for the helical tomotherapy group, p = 0.029). In multivariate analyses of prognostic factors, helical tomotherapy was still associated with higher locoregional recurrence-free survival. Also, AJCC stage and RT duration were significant prognostic factors for locoregional recurrence-free survival in univariate and multivariate analyses.

Several studies have reported the survival rates in head and neck cancer patients after IMRT, and the reported 2- or 3-year overall survival rates range from 67% to 92.1%, the locoregional progression-free survival rates range from 64% to 87%, and the distant metastasis-free survival rates range from 76.3% to 92.7%, respectively \[[@B10],[@B17],[@B20]-[@B23],[@B27]-[@B29]\]. The Oncology and Radiotherapy Group for Head and Neck Cancer (GORTEC) 2004-03 prospective study reported the treatment outcomes of 208 head and neck cancer patients treated with IMRT in 8 centers \[[@B27]\]. Ninety-three patients (46%) had postoperative IMRT and 78 patients (37.5%) received concurrent chemotherapy. The estimated 2-year locoregional progression-free, metastatic progression-free, and overall survival rates were 86%, 92.7%, and 86.7%, respectively. The PARSPORT randomized trial also reported the survival rates of 47 oropharynx or hypopharynx cancer patients treated with IMRT in 6 centers, and the estimated 2-year locoregional progression-free and overall survival rates were both 78% \[[@B10]\]. Chen et al. \[[@B19]\] reported a single-institutional study of helical tomotherapy for head and neck cancer. Of a total of 77 patients, 42 patients (55%) received definitive helical tomotherapy, and 48 patients (62%) received concurrent chemotherapy. The estimated 2-year disease-free, and overall survival rates were 71% and 82%, respectively. In our study, 30 head and neck cancer patients were treated by helical tomotherapy, and the 2-year locoregional recurrence-free survival rates was 80.3%, distant metastasis-free survival rates was 75.1%, and overall survival rates was 96.6%, respectively. Possible reasons for these inconsistent survival rates may stem from the wide variability in disease characteristics of the patients, differences in treatment strategy (such as definitive or postoperative RT, and RT alone or concurrent chemoradiotherapy), physicians\' variability in the contouring of tumors and normal structures, and variable operators\' experience in IMRT planning.

Usually, IMRT plans have steep dose gradients to deliver a highly conformal dose to target lesions and to spare the organs at risk. However, the sharp dose gradients may increase the likelihood of a geographical miss and the possibility of subsequent locoregional recurrence \[[@B5]\]. Therefore, it is important to examine the pattern of locoregional recurrence. In a retrospective study, Dawson et al. \[[@B14]\] analyzed failure patterns after IMRT in 58 head and neck cancer patients. Among 12 patients who suffered from locoregional recurrence, 10 patients (80%) had in-field recurrence and the other 2 patients suffered from marginal recurrence. Chen et al. \[[@B19]\] also retrospectively analyzed failure patterns after helical tomotherapy in 77 head and neck cancer patients. Locoregional recurrence developed in 18 patients, and among these 18 patients, 12 patients (66.7%) had in-field recurrence and 4 patients (22.2%) had marginal recurrence. In our study, among 7 patients who suffered from locoregional recurrence after helical tomotherapy, 2 patients (28.6%) had in-field recurrence and 2 patients (28.6%) had both in-field and marginal recurrence. On the other hand, in the conventional RT group, among the 18 patients who developed locoregional recurrence, 15 patients (83.3%) had in-field or marginal recurrence (in-field in 10 patients and marginal in 5 patients). Compared with other studies, in our study, in-field or marginal locoregional recurrence developed less frequently in the helical tomotherapy group, and helical tomotherapy did not increase the possibility of in-field or marginal locoregional recurrence when compared to conventional RT.

Several studies reported variable rates of late toxicities after IMRT in head and neck cancer patients, and the reported rates of grade 2 or worse late xerostomia and dysphagia range from 16% to 38%, and 3% to 21%, respectively \[[@B10],[@B19],[@B24],[@B26],[@B27],[@B30]\]. However, regardless of the late toxicity rates, almost all studies reported that late toxicities were significantly less common in patients treated by IMRT than in the patients treated with conventional RT \[[@B9],[@B10],[@B24],[@B26]\]. In our study, like other studies, there were significantly lower incidences of grade 2 or worse late xerostomia and dysphagia in patients receiving helical tomotherapy than in patients receiving conventional RT. The estimated rates of grade 2 or worse late xerostomia were 37% in the helical tomotherapy group and 94% in the conventional RT group, and the rates of grade 2 or worse late dysphagia were 23% in the helical tomotherapy group and 54% in the conventional RT group.

There were some limitations in this study. First, this study was retrospective, and therefore, may had some inherent bias. For example, the prescription dose of helical tomotherapy was decided according to physician\'s discretion rather than beforehand definite protocol, and the allocation of patients to either conventional or helical tomotherapy technique was not random. Second, the sample size was small, so we may not have detected small differences in survival. Third, the population studied was heterogenous. Fourth, evaluation of toxicities with RTOG/EORTC radiation toxicity criteria may be subjective and possibly under- or over-estimates the toxicities. And fifth, the duration of the follow-up period was not long, and consequently, this study may underestimate the recurrence rate. These limitations may make difficult to interpret the results obtained. However, as the first study which showed locoregional recurrence-free survival benefit of helical tomotherapy in head and neck cancer, we believe that this study contributes to resolving some inconclusive issues on radiotherapy in head and neck cancer management. If, in the near future, randomized prospective trial will be conducted with homogenous patient group, we will be able to draw more definite conclusion.

In conclusion, this study showed the locoregional recurrence-free survival benefits of helical tomotherapy in the treatment of head and neck cancers. In addition, we found that helical tomotherapy significantly decreased the occurrence of late xerostomia and dysphagia.

No potential conflict of interest relevant to this article was reported.
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Patient characteristics
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Values are presented as median (range) or number (%).

ECOG, the Eastern Cooperative Oncology Group; AJCC, the American Joint Committee on Cancer; RT, radiotherapy; PTV, planning target volume.

^a^)Chi-square test.
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Analyses of prognostic factors for overall survival
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HR, hazard ratio; CI, confidence interval; RT, radiotherapy; ECOG, Eastern Cooperative Oncology Group; SqCC, squamous cell carcinoma; AJCC, American Joint Committee on Cancer; PTV, planning target volume.
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Analyses of prognostic factors for loco-regional recurrence-free survival
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